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i e  a aSvzlded cortt;EiPner, one conp 

%zed f o r  17,000 pour& of l i q a d  hydrogen a d  tho ot&cr cm~parhnent fo r  

8 of l i qu id  oxygen. Tho Lnokage serves a dud. ose; it 

&a as a pressure vesse l  and it a l so  pcrfoms ac; a primary lo& c 

trucrktre. Liquid gcn trcnlr bcuLntion, to prevent excess bulk ten- 

rature r i s e ,  i s  an in t eg ra l  part of the  hydrogen tadk and i s  p a m e n t l y  

ttached t o  t he  tank xall in te r io r ,  

6-Iv STAGE CO;~E'ImSmO~l 

The p r o p a a n t  tank, i s  220 inches i n  diameter and 330 inches in 1entZ;th. 

It consists  of a c y l i n d r i c d  section, forward and aft hmicphe r i cd  dales, 

anb a hd r ;phc r i cn l  c m o n  bulkhccvlt, Pa.ge 1.2 and 1.3. Thin Kall alminum 

construction i s  u t i l i z e d  throuZfiout w3th i n t e p d .  ua f f l e  s t i f fen ing  fo r  the  

extenzal. load canyine: portions. A honeycmb s~s.dKich conon  bulkhead sep- 

a ra tes  the Uquid  hydrogen and l i qu id  oxygen tank. This buUrhead retards 

the heat t r ans fe r  between the tanks and i s  capable of withstanding both 

posi t ive  and reverse pressures. 

The 6-TV Propellant Tank being an in tegral  part of the  vehicle load 

carrying s t ructure  i s  analyzed f o r  the vehicle loads t ha t  are trans- 

ferred frana the aft irrterstege and t h r u ~ t  s t ructure  t o  the  forunrd 

in ters tage  as w e l l  as f o r  t h e  tank pressure conditions. The c r i t i c a l  

are obtained frat various ground conditions as wel l .  as S-I and 

8-33! powered f l i g h t  and burn-out conbitions (~ef'erence Page 1.4). 

The tcmk i s  analyzed, using t h e  most c r i t i c d l  loads, f o r  i t s  a b i l i t y  

t o  withstand i h t e rne~ .  pressure, external lortds and thermrif. s tresses.  

The rainlmm of safe ty  determined throu@out t h i s  analysis 

olrct s h m  on Pwes  1.5 and. 1.6. The material  d u i i b l e s  and pro- 

lperties used i n  ca,PcuEatFn& these  m s u ' a s  of safe ty  are g r e s e ~ e d  

i n  GecLiLo~ 2. 
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a eonations w e &  La Wra s i ~  are taken erere. 
3 

6 various MSFC und DAC docments ( ~ e f e r  . wUTe =hanlSes 
3 

In lo& or structural conf' ions zed and made tu 
1 I 

adidend- $o this report. 
1 ; 

L 

DESIrn CRTTERIA 

The gtropcUanL tank was designed t o  both pressure vessel c r i te r ia  

end pr structure c r i te r ia .  
I 

Pressure Vesoel 

1. Proof Pressure = 9.10 x ( ~ [ I ~ L W C ~ I M  r e l ie f  value presfiwra + 
1 hydro-static head) 

I 2. Y i e l d  Pressure = 1.10 x (proof 
3. Burst Pressure 1.35 x (m3xir~m re l ie f  vdue pressure + 

hydro-static head) 

1. Y i e l d  factor  of safety = 1.10 

2. QLtimate factor  of sa few = 1.35 

f The xdnimtan margin of safety of ei ther  yield or  ultimate conditions 
i s  the design margin. 
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)iodel Gcnerd,  F c b m u y  18, 1960. 

D o a a s  Ai rc ra f t  C o m p w ,  Inc. , Report 36-38338, Euckling of 

Aircraft Cmpanjr, Inc., :Q-~~o-s/T~.~s-G~-Y(~, Saturn S-TV 

Aft inters toy,^ Wela J o i n t  and Vicini ty Ttx:rerature P.nnlysis, 

September 2 l ,  1961. 

W a c  Aircraf t  Cm.nnw, k c . ,  Report 34-111734, Rickliny: Curve 

of Truncated Snheres Due t o  Tensile Edgeloadz, 1.Iodcl Gcncral, 

ass Aircraf t  Conpuny , Inc. ,  Report 3.1-38344, B~tckliltr: oi' 

Smawj.ch Spherical  Cops Undcr U n i f o n  Extern32 fiessurcs, b10d~l 

General, Apr i l  1962. 

Hexeel Products, Inc.,  TSB-lI.2. Hexcel Heat Resistant Phenolic 

Honeycmb, &rch 30, 1960. 

]Domas Airc ra f t  Cmpany, Inc . , ~ w - ~ G o - T I I s - G ~ - L O ~ ,  S t ruc tura l  

Tapcra twes  a t  t h ~  Fonqayd Dme of t h e  Satllrn IIy&~ogcn T&<, 

Model DSV-4, J u  1362. 



10 b u f i a t  Mrcra f t  Ca3pm,  Inc., w -260--1-61-150, Tcnpxrnture . i 
nd Vicini ty,  

i 
i- 
i ~ p r i ~  20, 1961. 

1 
I ;  
1 "  u Do@as Aircraft  Corzp~ny, Inc . , ~ 2 - 2 6 0 - ~ / ~ f - 6 3 - 2 ~ 8 ,  Seturn S-N 

1 T ~ p e ~ t u r e  M s t r i b r ~ t l o n  i n  t h c  Arcn of the Cor,on BiLkhead Undcr 
1 

a v&ous Ground and F L l ~ h t  Condition:, Mzgr 16, 1952 
(0 

f SJ 

c?( 12 B i J l w d ,  P.P., Welding R ~ s m r c h  Council E ~ ~ U c t i n  lio. 119) Corncll 
-=.? 

I 
I S  University, April  1959. 

Cn 

I $  
I 13 Nat ion4  Bureau of Standards, C r ~ o ~ r n l c  I-!? tar!.nls Dotn illndblo!:, 

March 15, 1961, l i  
3.4 BiJlaard, P.P., S t re r scs  i n  C y l i ~ d r i c d .  Shells Uri8cr Locrl Loading, 

Welding Research Council Bullet in 110. 50, Cornell University, 1 . k ~  

3.959 
$j 

15 Dou&as A i r c r m  Canpmy, Inc., Propulsion R t l p r t  IJo. 4-1329, 

loads on LO2 Tank F i l l  Line Fittirig During F i l l  - 1000 CPT4, 

i June 28, 1963. 
I 

3 

3.6 Bj.jlazd, P.P. Cmputntion of the  Stresses fron Iocn l  Loads i n  

S p h ~ f i c d  Pressure Versols 01. Pressure Vessel i i~ads ,  Welding 

Research Council Bul le t in  34. 

17 Dowas Aircraft  Cm~porpy, Inc . , ~ 2 - 2 6 0 - ~ / ~ t r e .  -62-322, Allowable 

Weld S t r c s ~ e s  f o r  2014-T6 Alunin~ar, i7ov'mber IG, 1962. 

18 Timoshe&.o, S.P., and  loinow sky-fiiegcr, S. Theoyf of n o t e s  and 

Shells,  t4cCraw-113.11, 1953. 

19 I.m-IBfrn-5, 

bi 
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3-4 m t i o n ,  NcCraw 

, Inc., ~ 2 - 2 6 0 - ~ / ~  & c-rr-498, 

Pressure Zloniis on S-TVB Tank Ekffle, Dccmber 13, 1962. 

AX-23 W e t i n  Part EX, Sonawich Conntruction f o r  Aircroft,  

Forest &IUC~S Iarb,, 1955. 

mert3.m t o  R e p o r t  4-1316 Pressure Drop i n  LO2 Vent Line Considerin& 

P a r t i d l y  R i ~ d l z e d  Line, June 6, 1063. 

as Aircraft CmOSd~,  Inc., Report Dm-3500 Saturn Welding AllowRbles 

for 2014-Tf; Alminta Alloy, September 1361. 

 shall Space Flight Center, Mcmo lrlP & VE-SL~-63,  Desi~l;n Zloads fo r  

Saturn C-I, Block I1 Vehicle, January 9, 1963. 

Marshall Space Flight Center, Meno MP & VE-SL-22-63, F l i E j l t  Loads f o r  

S a t m  SA-5 Vehicle, February 1, 1963. 

8 Douglas Aircraft Company, Inc., ~3-860-W1-249, Dyrmxic Loads on 

Saturn S-N Ccmpnents, November 27, 1963. 
I 

29 Douglas MrcraM, Camparry, Inc., Memo A-860-~442-102, Design Loads f o r  

Bwanber 26, 1963. I 
30 , fnc . , SM-35652, 

I 
I 
I 
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a a %s d m b l e  axid m a t e r i d  p r ~ i ? r &  c w e e  hich i  a r e  prenented 

i Zn t h i s  section were derived frw mnny sources, i.e., bKIL-EIDBI( 

I i -5,W Cryogenic -book, DACo t e s t  data, etc .  The w e l d i n g  
b allowable curve0 presented on Pages 2.5, 2.6, 2.7, and 2.8 

have been superseded by d o - a b l e 6  a h m  i n  Reference 17. The 

analysis  was orie;ino3ly based upon these lower a l lo 'ables  and 

. h w  n o t  been revised, A l l  s t r e s s  (@ s t r a i n  (o) curves were 
/ 

I derived froia basic material  data using ROrbergd)~good equo.tions. 

The Secant Nodulus of E las t i c i ty  ( ~ s e c )  versus s t ress  values 

were than obtained frcrm the  s t r e s s  s t r a i n  curves. The material  

d used 3x1 the f a b ~ c a t i o n  of the  6-IV vehicle w - i l l  meet or exceed 

conformance t o  the  a l larables  presented i n  t h i s  section with 

s 90$ confidence level .  
I I 

I W e e s  othenrise noted i n  the  t ex t ,  all material eJlovablcs and 

C gropert ies,  used i n  the analysis, were taken f m  t h i s  Section. 
I 
i 
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4s SUM# N O  EFFECT /CAA.'CM 

/M,T&RNA& /NI#LA T 1 O f /  (CO\JSC~ i ~ i  J f) 

7rrM.Q * 7d.F 

THlLkn/rS$ - 4 059 

S / N C 6  f / f / S  Y A C K F  C F  3 / 5  W A Y  O F F  THE C o @ J E ;  

T M E  AS$uMpP/Ofi' cF = W I L L  D F  H ~ ~ - D . ( c ~ . ~ ~ ~ / C A L  

rhfk-OR)/ 5AYJ K = . L C L  ) 

c ~ ! ~ R = / / O  J-x.3 

- / .B lC ix110 * 51.5 

/ / / 0* . /373  3 $ 8 9  

A S S U M E  fi = . / 
2 w . i  w / O , s  * / o C ( . / 3  '? , I* = 3 . 2 9  P S I  

= 3.27 s 2 , 4 2  P5/ 
- 

+( E x ~ R ~ J A L  PRESSORE- I S  doV AP/ EAPEcT~B 
~ ~ s i d d  C O ~ J D , ~ " ; O ~  

~~LIAYCHCO 705.) M*E n,cs*r  ,awn 
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5.0 

5.1 

The S - N  ait dme i s  i n  eontact w i t h  I;llf2 f o  of, and m2 
a of, the  c m o n  bulkhead Joint .  It a l so  serves as  rn attach- 

a en t  joint; f o r  both the  e m o n  cnd and t-t s t r u c t m .  

The aFt dme i s  constructed uslag six "r14-~5 riltuim segments. 

These segments are formed Lo a U 0  inch r d m ,  chemically ni l led,  

and welded into a hunisphericcil dmc. . 

5.2 AneclCysi.0 

The aQt dme was analyzed using the  maxirim lo& conilltions 

which are expected f o r  e i t he r  f l i g h t  o r  g r a n d  conditions. 

The pr incipd,  & e d  loads w e  delivered to the  aft dme 

& the  thrwt st ructure  a t t ach  points. The i n t e r r d  

pressures are based upon the  maximusa r e l i e f  valve se t t ing  

plus hydrostatic head. A t  t h e  timo of t h i s  analyses the  

ax ia l  accelerat ion ms 7.15 g ' 6 (fief erence 3).  
Subsequent t o  the  analysis, a be t t e r  def in i t ion of the  

low3 conditions reveded  t h a t  t he  max5m.m acceleration 

6.033 g 's  and occurred on tho S A - ~  and 9 vehicles 

(Reference 29). The analysis  has not been rcvised t o  

incorporate the ef fec t s  of t h e  acceleration decrease. 
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WLWRP 4 ? 5 6 5 

aa&ss ro DOME ";Ed M E N T ;  AF r, C ~ M  W O N  13t-fO 

THE COMMON B U L K H E A D  IS A N A L Y Z E D  FOC TI-HE 
F C J L L O W I ~ ~  G LOAD Coh lO IT - IONS 

I , ' G ~ Q U N Q  HOLO,  LOz TANK A T  AMBIENT 
PRESSURE, T H E R M A L  S H O C K  FROM T H E  
START O F  T l - iE  LH, T A M K  F I L L .  

S T A R T  CF T H E  LO, T A d K  F=\LL. 

15,Z -14,7 = 5 C I N ~ E R L ' ~ L )  

3.' BROUN o H O L D ,  T H E   LO^ T A N K  LOADED 
A N D  PRESSURIZED,  T H E  LI-1, T A N K  EMPTY 
AND A T  AMBIENT PRESSu62.E. 

fJL,H,r 5 0  -1417 * + 2  (1013-1) 
= 37 PSIG C l W E Q h l A L )  

M \ N I M U N ,  LO,  T A h i K  P R E S S U 1 ; 2 E  WAxIPlLJM. 

~ ~ L I M ~ T  = -30 - Z I &  C . O O Z S ) ( ~ , J ~ )  
+ S O  1-42 lo)C7.15) 

= -30 - 3 . 8 6  +so t l 2 . 3  I 
= 28,s PSIG C I N T E Y ~ N A L )  

5 GROUND HOLD Tt-iE LHL T A N K  F U L L  AND 
P Q E S S U R I 2 E D ,  ?HE LO, TANK LOADED A N D  

A T  A M B I E N T  P E E S S U R E .  

K,E R l k ? I N r N C  I O I L  eelme 
@ 1.LI1". *.I*. 



T H E  E q U & T l O N S  W R  F A C E  STnlF;"SES 

A R E  A S   FOLLOW^: 
( R E F  PG. LZ I.G. 1. I ) 

F O R W A R D  FACE ( : ~ l - i ~  TANK) --SUE;SCRLPT I 
I 

A F T  F A C E  CLO,TANK) S U ~ S C R ~ P T -  2 ' 

THE Y I E L D  A N O  U L T I M A T E  F A C E  STRELSES 
FOE. T H E  AFCCZ r + E r ~ ? ' I o N E D  c 3 ~ 0 t r 1 0 ~ ~  
A Q E  F O U t d O  5)' M J ~ T l / ~ l - Y ! h l i ; .  T H E  F A C E  

C 3 T - R E 5 5 E S  6 E APPROP62IITE FACTOQS 
O F  SAFETY,  A S  FOLLOWS : 

YIELD S T R E S S 5 C L l M l r  PRE'LSC'rQE S T - Q E S L ) C I , Z I )  

P < L I M I T  TC~ERMAC.  STQESS)CI .  I )  
- , - d p ~  < 1t21) t -, C I .  1 )  

ULTIMATE STrZES3; 1.35 C d P K i d r H )  

T H E  MOLT C R I T I C A L  Cc3hjOITlOM C X C V C C ~  WHEN 

T H E  F A C E S  ARE OF M \ N I M U M  THICr(UESS. 

C R \ T \ C A L  % T R E S S E S  A K E  F00h10 eY MULTIPLYING, 

THE APPkOPK\ATE Y I E L D  At40 OLTlr-tZTE 5WESSES 
6Y T H E  RATIO O F  NorY l rNAL  T O  M I N i M U M  
Tt-r Icl< N ESs. 

FACE : t NOMINAL= . O Z 5  

t M I N I M U M L  . 0 2 0  

A F T  F A  C. E : $ N Q P ? I N ~ ~  F , 0 4 7  

~ M I M I M I J Y  1C4-2 

&E A l . b U C N C  SeeL e01.S 
@ -*<** N I S I  
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POLLI I*** 
( 4 1 ~ .  &&"a) 

A ' DOUGLAS AIRCRAFT CCGr23PaC<Yp I a JCe  
**as 

CWIICKPE9 O(Yf 

D A I L I  

6. f lTeLI - R L W R T  NO: 

rtiE F G ~ W A R D  A N O  A F T  F A C E  ~ A R G I N S  
OF 27hmT'f Lt"\,T&3 IM 7 -ME FOLLOWING 
TABLE ARE THE M I M I M I I I ~  PlAI;ZGINS O E j T A l N E D  
F R O M  A C O H  PARISON Or: T H E  C A L C U ~  ATED 
Y I E L D  A t d o  LILTIMATE STRESSES AND T H E  
ALLOWABLE Y i E t D  4 N C  U L T I M A T E  STRESSES. 

PATIRYETF~~ R E Q ~  F04 CURVE PG. 6-11 
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M,E b L B l N C N C  S D I L  O e I S s  
@ 1 * A \ ( l r l  N I L .  





**;am - 4 * B l j '  p-, P P  DOUGZPeS P*9,82CCALT C b ~ s g l r ~ : ' ~ * d ~  ii j~ B & ~ & O  

me81 b* 15 

l O L P - T 8 - i O W D  LOi l ,K6OLT,COt . ?MOhl  FjMB 

B L I N D B O L T  

L O C K  BOLT 

k) -=+ REF %. 6.IZ 

r ~ m r w r ~ c @  70l.7 ROE n . c l . 9  , a r t s  





















PRLPAREC B Y :  P A a L  

4 8 
RgponT N O  $ rifi 4 !, I 









Bnf2P$^afi ?'9R1f-*3Fyci - * " - I r t , p s % ?  P . 8 -  . i s  4 - a  a c * s i h u u e  
$WECAPPILO B 

B I i  L 

"PITLP REPORT NO' 





DaQGkhS ASZ::Zr;i"a,ET c@O[,?:JAC$'icc, jp:c, 
P R n a A a e o  n r&aE 
CNLGKED BY: 

$)ATE‘ . ,. - 

W L W R T  NO: 
< ' f i r  2 "  ., 

7 f Y h E  

F W D  0 8 W  E - PEOFELL/L4kr T" 

5-1 FL1Gi - l7 -  B A Y  K Q  

= 2.3 TO Z .ZZ 

A ~ € ~ L I ( C W I ~  7 0 I 6 Y  K+E ,l,iia. 





2~ly,$i~ 6,o.o 
sr di.2$9 

t 

msr sectSon con"4mris t h e  o ~ l a l y ~ i ~  on various s t ruc t  

J o b t s  b91ich occur i n  t h e  S-bV s t o ~ e .  Tneee  joint^ in t ro-  

duce &ocoa.timout; r i a d l t y  t o  the basic tank structure 

L h e ~ P o r a  eflec"tr4 the  dls"sribulion of s t resses  within 

$he etntcture. The JoFnt~l t ha t  were coilnidured are: 

h t e r c t a g e  - Fo LR2 tank dme. 

2. Cylindrical tank a f t  doze. 

3. Camon B-&head nfL dme, 

4. Thrust Structure - aft dcme. 

8.2 Andysis  

The method of annlysi's q l o y e d  i s  t ha t  of re la t ive  de- 

C i l ec t ion .  Tne structure i s  cut a t  various places, Each 

p& has a l l  of the  external  loads such as precsure, tem- 

perature, e tc .  imposed upon it. The parts w i l l .  deflect  

and r o t a t e  depending upon i t s  loads and r ig id i ty .  Forces 

a r e  -imposed on the par t s  of suff ic ient  magnitudes t o  make 

the ixrterfaces conform, %kt is, deflect  and ro ta te  the 

same mount. The s t resses  caused by the  redundant forces 

plus the s t resses  caused by the  external forces make up 

the total s t resses  in the structure.  Appendix III shows 

the derivation of all &he re la t ive  deflection equations 

used i n  the following ana9yses. 
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To v e r i f y  t h e  s t r u c t u r a l  i n t e g r i t y  of t he  jo in t ,  a t e s t *  was conducted 

on Noveaber 23, 1963 by t h e  DAC S t ruc tu ra l  Tect Sect ion.  The r e s u l t s  

o f  t h i s  t e s t  ind ica ted  t h a t  t h e  jo in t  was capable of supporting approxi- 

mately 130rb of  t h e  u l t imate  f l i g h t  load. 

The t e s t  was conducted on a 70 inch segment of t h e  IQX dome which was 

modified t o  a c c e ~ t  a s tandard  production sump r ing  and s e a l .  Production 

xeldirq-~ was used t o  f a s t en  t h e  rim t o  the  t ank .  A pr3duction s w p  was 

then  i n s t a l l e d  and the  e n t i r e  assembly was placed i n  t he  DAC cryogenjc 

pressure  done t e s t  f i x t u r e .  The t e s t  loadin& procedure was as  follows: 

1. A vacuum was pul led  on t h e  lower s i d e  of t he  sum?. 

2. The tank  was f i l l e d  with Liquid ni t rogen (used ins tead  of  U X  

f o r  s a f e t y  reasons) .  

3.  The tank  was then  pressurized t o  s imulate  t h e  pressure h i s t o r y  

o f  t h e  LOX sump during s t a t i c  f i r i n g  a t  Sacramento. The follow- 

i n g  schedule wns used: 

a. 8 minutes a t  39 ps id .  

b, 1 minute at zero ps ig .  

c . 8 minutes a t  39 ps id .  

d. 1 minute a t  zero  psig.  

e. 3 minutes a t  39 ps id .  

f .  1 4 1  seconds increasing, from 39 ps id  t o  75.8 ps id  

( l i m i t  p ressure) .  This increase  of pressure is  t o  

follow a curve which dupl ica tes  t he  increased a x i a l  

acce l e ra t ion  of  t r a j e c t o r y  and compensates f o r  va r i a t i on  

of  ambient pressure with a l t i t u d e .  

g .  Pressure then increased above l i m i t  load u n t i l  f a i l u r e  

occurred a t  about 134 p s i d  (u l t imate  design pressure i s  

102.3 p s i d ) .  
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Presented in this section are the see of pnriouo equipenti cam- 

ponents eoru~ected to the propellant tank. These cmponents are: 
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me b t i - S l o s h  BsLifle i e  constructed f m  .025 iach thick 

7075-!S6 pllminun, shaped i n t o  a cotle, bmced v l t h  f r m e s ,  

slrid attached to the cozmon bulkhead lock bo l t s ,  I t s  ]~XU?POSC 
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1 STAnC TESTS SCII :c&T;Y 

t e r t i w  s f  %ha Saturta S-nT P r a p a a n t  Ta&ts and C m o a  

h e  Asrmbly was con&ucted a t  t h e  D o w a s  AircraPt C m p w ' o  S m t a  

).lorria P h ~ t  StzWCt Test hborartory. T e e t i w  w;ae b e ~ m  i m  Apfl 

1962 olnd concluded i r r  Jmc  1962. 

PolloVIw l a  r b r i e f  o m a r y  of Lha \rcirioue t e s t s  c 
01 

zD riorenentioned aoseably, and t h e i r  resultg: 
rr, 

cv A. gIydrosktic Test Vehicle Proof Test ( ~ e p o r t  Ha. 224-38341). * 
r %?his t e s t  was conducted t o  detentina the  n t r e w h  chwac- 
V) t e r i s t i c s  of t h e  I?mpel.lszlt T d a  and 

a h d a t e d  ground lozrdic& coradition~ a t  mbien t  tenpcrsture, 

baaed upon DAC Pro-pulsion Report Go. 4-147, dated 17 April 

1961. The t e s t  v t i c l e  consisted of r 5865999 hnk  Assembly 

a 587~668 Thrust Structure. The sinulated ground loading 

conditions were a s  follows: 

1 )  Pressurizat ion of the LOX t a &  t o  10 paig, m d  appli-  

cat ion of v e r t i c a l  loads s r t  the  six t h r u s t  ~ t r u c t u r c  

cargiaa f i t t i n g s  (1600 l b .  each), t o  oinulate the  dead 

velght  of t h e  six IIL 10-A engiaes. 

2) Prossurizsrtion of the  LOX Tax& to 41.5 ps i& t o  provide 

tho OB h e  "1kI.t" pressure. 

3) Pressurizatiom of both the  UIX pnd LA2 tanks (3 a d  

12.8 ps ig  respectively) t o  provide a "1FQit reverse 

pressure" ola t h e  Ccmxorr Done. 

4) Pressurizatiopl of both tanks (54 ps ig  MX tank, 24 

p i g ;  tank) t o  obtaia the LOX t a n k  "1ixt.t" pressures. 

5 )  ~ o t h  t ~ s  pressurized (40 psig ]COX ta&, 33.4 psig 

Ig2 t r a k )  t o  o b t ~ i n  the  tank " l ~ t "  prenrure. 

Water was q l o y e d  a s  the  pressurizing medim. 

X ~ a s t m e r t a t i o n ,  which n s  a o ~ i t o r e d  d u r i ~  t h i s  t e s t  c o ~ s i s t e d  of 

d x e  ntroio $age r o s e t t e s  l o c ~ t e d  ia the Dsea of t h e  Joist betweea 



Lhc cox,on doae and t h e  a% dace, one ~ t r r z i n  gage ressLte on t h e  cylinder, 

and sxx-ccen del'lectlcirr pcjtcntionclerr; located s o  a s  t o  provide r a d i a l  

def lec t ions  of  t h e  an done and cyl inder .  

t 8 4 x i m  n e r i d i o m l  r t r e c s  i n  t h e  Cc~s?on Doze due t o  l i m i t  p ressure  

%fated i n  Item 2, ties &,GQo p s i  tension on the  .025 skin, and 11,750 

ps i  t e rn ion  i n  t h e  .0Q sk in .  Pteridiorxil s t r e s se s  f o r  t h e  Cornion Dome 

n r e v e r ~ e  l i m i t  pressure" uere 20,000 p s i  compression i n  t he  .025 s k i n  

and 4,230 p s i  coxpression i n  t h e  .047 skin.  

The ~4xinum trieridiom1 s t r e s s  i n  t h e  aft dome due t o  "lirnit"pressure,  

(1ten 4) as recorded a t  t h e  center  of a wnffle panel, wan 13,9CK) p s i  

tens ion .  The rrnximum hoop s t r e s s  i n  t he  LH2 tank c y l i n d r i c a l  sec t ion  

due t o  " l i m i t "  prescure,  (1tem 5)  as recorded at the  center  of  a waffle  

panel,  was 30,000 p s i  t ens ion .  

I n  no case were the  recorded de f l ec t ions  of t h e  pressurized tank i n  

excess of .25 inch. 

M m l  inspec t ion  of t h e  Propel lan t  Tanks and Common Dame revealed no 

ind ica t ion  of damage. 

B. Cryogenic Test of t h e  Common Bulkhead I n  the  Hydrostatic 

Vehicle ( ~ e p o r t  No. SM-4l-205) 

The purpose of t h i s  t e s t  was t o  prove t h e  s t r u c t u r a l  i n -  

t e g r i t y  of t h e  Common Dome (P/N 5863806) when subJected 

t o  "normal l i m i t  pressure" (36.8 ps ig  i n  IX)X tank)  and 

"reverse l i m i t  pressure" (26.8 ps i6  i n  LH* tan)-.) a t  

cryogenic temperatures.  Idquid ni t rogen was used as 

the  pressur iz ing  medim. 

The t e s t  assenbly was t h a t  which was employed i n  t h e  

"Hydrostatic Test Vehicle Proof Test" (supra) .  The 

C m o n  Dome w a s  r e j ec t ed  f o r  production use because 

~f nwerous sk in  buckles i n  t h e  forward surface (.025 

e s k i n ) .  In addi t ion ,  . t he  bulkhead d id  not have t h e  

360' perimeter angle  t o  t e e  weld, a s  nonral ly  provided 

on production assemblies.  



m e  t e s t  cons is ted  of' two condit ions,  

The f i r s %  condit ion consis ted of pressur iz ing  t h e  LOX 

tank t o  36.8 p s i g  with LN2 and maintaining t h i s  pressure 

f o r  10 minutes. 

me second condit ion consis ted of pressur iz ing  t h e  LH2 

tank t o  26.8 p s i &  with LN2 and maintaining t h i s  pressure 

for 5 minutes. 

Instrumentat ion cons is ted  of temperature sensors located i n  both LH2 

and LOX tanks,  and pressure  t ransducers  t o  check t h e  pressure i n  t h e  

.tankage,. as w e l l  as t o  monitor t h e  common dome core vacuum. 

w i n g  pressur iza t ion ,  under t h e  second condition, a s l i g h t  loss  of 

core  vacuum was noted. An inves t iga t ion  showed t h a t  approxirmtely 

30 percent  o f  t h e  b l ind  r i v e t s ,  which a t t a c h  t h e  circumferent ial  

" t e e  sec t ion"  a t  t h e  base of t h e  bulkhead t o  t h e  LOX tank, leaked. 

Fur ther  i nves t iga t ion  showed t h a t  t h e  welds a t  t h e  perimeter angle and 

t e e  d i d  not  l e a k  when a 3 p s i g  pressure was introduced i n t o  t h e  core ,  

Inspec t ion  of t h e  common done a f t e r  each of t h e  two t e s t  conditions 

revea led  no s t r u c t u r a l  dnma~e.  Ultrasonic t e s t i n g  on both surfaces 

o f  t h e  t e e t  itern ind ica ted  t h a t  t h e r e  was no debonding of t h e  alumi- 

num s k i n  from t h e  honeycomb core.  

Or ig ina l ly  it was intended t h a t  t h e  hydros ta t ic  tcnk assembly would 

b e  pressur ized  u n t i l  rup ture  occurred, however, upon request  from 

t h e  assembly was d ive r t ed  f o r  use as t h e  " ~ c o / H y d r o s t n t i c "  Tes t  

Vehicle.  









m a  section dcda via the cquntion derivations wed throu&- 
& Ura BCD. Tne dcrbvations shcm case for the general. 

0- 
lD 

caoe, that is, any cmbination of loads wd iorcae . cnn be 
tn 
W saibetiktted gnLo the equations, hmever, gecmetry changes 
V restricted. 
;'f 
m 

'fheoo derivatione fall into two categories, tho m d r a n e  load 

deri~tions and. tho relative deflection derivations. The m a -  

b r a e  1w.d derivations oection Page III.2.0 headed by an intro- 

ducrtion that exlplainn the methods, si(rp, d symbols. 

The convention used in the relative deflection analyeis is 

ELB Pallms. The deflection oP a part is symbollzcd by 6 . 
This deflection can be either rotation or translation perpen- 

dicular to the &metric center line of revolution. The pnrt 

to be zed is idealized by cutting it at vasioue spots. 

Zach sepent, resulting frcra this cutting is given a nvmber 

1 2 . . . - - n . The deflection of n ie shown 



PWO m r O e L  

" i 

# en% and shew forces a re  gLven the  deo ipa t ion  of X. 

The deflection of par% n i n  the di rect ion and posit ion of 
I 

force Xi w u l d  be shown as 6: , or  In direct ion and posit ion 
'7 I 

oi force X i + ,  aa &.$+I . V %he force causing the  

d d l e c t i o n  usc Xi, the  d-ection in direct ion and posit ion 
n 

14- d be shown as , . Xf the force causing the  
a 
In dai lcc t ion i n  t h e  di rect ion an8 posit ion oe' Xi uas X 

n 
, + I  it ? d be s h m  as st,;+, ; iB it were prewure force it 

fi d b e  shown as $hi,p . 
I It can now be seen t h a t  the t o t d  deflect ion i n  the  direction 

fl r\ 
and posit ion of Xi i s  6;  I = 6;; +$, 

+)+ 
+ $;,,+ je te*  

&en the  deflect ion of aLZ. the ]parts due t o  all the  forces 

actin& on it i s  detcmined, sirmrltaneous equations a re  s e t  

Q up such t ha t  t h e i r  solution w i l l  r e s u l t  i n  values f o r  X I  
n c\ 

"-+-I "D s; = b 8  . . . . .XJwhich VFU c a s e  gi  = Si . 
When the Werf'ace def'lectiona are  cmpatsble, the problem' 

 ha^ been solved and the redundant force  v;ilues are knam. 
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